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Abstract: The experiment were carried out at the farm of Bangladesh Sugarcane Research Institute Ishurdi, Pabna,
Bangladesh during 2011-2012 cropping season. The somaclones which were produced in vitro under salinity stress evaluated
in the field and after 1st year evaluation those which showed better performance were selected for this experiment to select
salinity tolerant line of sugarcane. Sugarcane varieties Isd 28, Isd 35, Isd 36, Isd 37 and Isd 38 were used for selection of
salinity tolerant lines. As treatments, salt were used with MS medium for in vitro plantlet regeneration. The selected
somaclones were evaluated in 1% and 2™ year and after 1% year evaluation better somaclones were also evaluated under
induced salinity stress conditions using different levels of salt (50 mM, 100 mM & 150 mM). Molecular characterizations were
also done with the setts of selected somaclones collected from R2 generation. At the highest level of salinity (150 mM)
varieties Isd 35 and Isd 37 initiated callus. Under induced salinity stress SC3 of Isd 28, SC3 of Isd 35 and SC2, SC3 of Isd 37
showed better performance in PVC pipe. Those somaclones also performed better in morpho-physiological performance at
field condition in two sequential years and also produced polymorphic bands when we characterized with SSR marker. So

those lines should be considered as salinity tolerant lines for further study.
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1. Introduction

The Environment Program of United Nations estimated that
approximately 20% of the world’s agricultural land and nearly
50% of all irrigated land is adversely affected by soil salinity
(Flowers and Yeo, 1995). It is a general problem worldwide,
but most acute in North and Central Asia, Australia and South
America (Pessarakli, 1999). Some of the most serious
problems occur in semi-arid regions associated with the great
river systems of South-East Asia. In Bangladesh, over 30% of
the net cultivable area lies in the coastal zone of Bay of Bengal,
of which approximately 53% is affected by varying degrees of
salinity. The salt affected area in the coastal zone of the
country was about 0.83 million ha in 1966-76, which expanded
to 3.1 million ha over the last two decades (Kader, 2006). In
addition, more area in that zone is expected to become saline
affected in future due to increase in sea water level as a
consequence of the greenhouse effect. The other concern is
that the area under irrigation is increasing worldwide day-by-
day allowing more area to be affected by salinity stress. As

estimated by FAO, about 20-30 million ha of irrigated lands
worldwide were seriously damaged in 2002 due to the build-up
of salts and every year 0.25-0.50 million ha of irrigated lands
worldwide are lost from production due to salts build-up
(Martinez-Beltran and Manzur, 2005).

To meet the future requirement of sugar it is essential to
develop some improved varieties, suitable for the agronomic
conditions of Bangladesh within shorter period. Plant
regeneration protocols for different varieties of sugarcane are
the prerequisite for the tissue culture derived plantlet
production. It is claimed that if cell can adapt to a high salinity
it could give rise to a plant which is similarly stress tolerant
(Gollek, 1973). Variation in differentiation ability in
Saccharum spp. has been reported earlier (Liu et al., 1972,
Bhansali and Kishan, 1982). Considering enrichment of
sugarcane productivity in saline areas as well as minimize total
demand of sugar, regeneration of salt tolerant sugarcane
varieties is essential. The present study of stress tolerance of
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sugarcane in vitro helps to understand the basic phenomenon
of the stress and facilitate the development of varieties tolerant
to salinity.

Somaclonal variation had produced desirable agronomic
changes in the progeny and increased sugar yield in
sugarcane (Evans et. al., 1984). Variation in differentiation
ability in Saccharum spp. has been reported elsewhere
(Bhansali and Kishan, 1982). In vitro regeneration of
sugarcane has also been reported (Heinz et al., 1995).
Increasing population and changing climatic conditions of
our country have long been demanding higher sugar
producing and stress prone somaclone / cultivar. To meet
these demand, development of sugarcane variety having
tolerance to water logging, drought and salinity have
received more research attention in recent years. Evaluation
and characterization of the spontaneous and induced variants
against salinity and drought may prove highly fruitful venture
for its successful cultivation in stress conditions. Therefore,
analysis of the induced and spontaneous genetic variation in
the regenerated plants is necessary for exploiting these
variants for crop improvement. Simple Sequence Repeats
(SSRs), were adopted for evaluation of clonal fidelity in
sugarcane plantlets. The microsatellite markers developed
from the genomic sequences are reported to be more
polymorphic than ESTs-derived markers and are thus suitable
for various genotyping applications in sugarcane (Singh et al.,
2011). The objectives of the present study are Performance
evaluation of R2 somaclones under induced salinity stress
condition of PVC pipe; and Marker aided characterization of
R2 generation for selecting salinity stress tolerant lines.

2. Materials and Methods

Five sugarcane varieties viz. Isd 28, Isd 35, Isd 36, Isd 37
and Isd 38 were used as plant material. In vitro healthy and
rooted plantlets which were produced under salinity stress
were selected for 1st year valuation and after st year
evaluation the better somaclones were planted in PVC pipe
with different salinity stress treatments.

After taking the harvesting data at the end of first year the
healthy stalks were used for preparation of polybag settlings
for R2 generation study (in 2nd year) in PVC pipe under
induced salinity stress. For polybag settlings, the cane stalks
were cut into small pieces (5 cm) containing one bud each
with at least 1.5 cm stalk on above the node and about 3 cm
at below. All setts were treated by Bavistin solution (1:1000)
for 30 minutes to prevent fungal infection. Polybags of 12.5
cm % 10.0 cm size were taken and four holes were made at
the bottom of the bags to drain out the excess water. The soil
for filling polybags was mixed with cowdung (1:1) and then
treated with Chlorpyrifos (Regent 3 GR) @ 0.04 g bag-1 and
Carbofuran (Furadan 5G) @ 0.05g bag-1 to control insect
pest in the nursery. About 2/3 rds of polybag were filled with
the mixed soil and a previously treated sett was placed
vertically in the centre of soil of the bag keeping the bud in
upward direction. Then the polybag was completely filled
with the soil so that about 1.5-2.0 cm soil covered the setts.

The polybags were kept in a sunny place and also covered
with rice straw thinly to preserve soil moisture, and protect
soil loss from heavy rain (Ali et al., 1989). Watering was
done at 2 days interval to the nursery beds throughout the
whole period before transplantation. Other cultural
operations like weeding, rouging of diseased and pest
infected settlings were done to maintain healthy settlings.
The polybag settlings which were prepared earlier from R1
generation were transplanted in PVC pipes under induced
salinity stresses. The salinity levels of PVC pipes were
50,100 & 150 mM (created by NaCl, Na2SO4, NaHCO3,
CaCl2, MgCI2 and MgSO4 followed by the procedure of
SRDI, 2003). Plantlets were transplanted on 02.02.12 in PVC
pipes containing soils and pressmud at 3:2 ratio. The soils-
pressmud mixture of each PVC pipe was fertilized at the rate
of 4, 3 and 3 g of urea, TSP and MP, respectively. Full TSP,
MP and 2 g urea were applied in each pit as basal dose at
planting time and the rest (1.0 g +1.0 g) of urea was applied
as top dressing in two equal splits at 45 and 75 days after
planting. First irrigation was applied just after the plantation
of plantlets for good establishment and second and third
irrigation were applied at 30 days and 60 days after
transplantation (DAT). No insecticides were applied. In the
month of June-July few stem borer infestation was observed
and soon preventive measures like collecting adult moths by
net, destroying egg mass and cutting the top of the affected
plants to kill larvae were taken. Weeding was done when
needed.

2.1. Data Collection from Plants Grown in PVC Pipes
under R2 Generation

Data on stalk height (m), proline (mg/g) content, total dry
wt. (g/cane) and shoot root ratio were collected from plants
grown in PVC pipes. In case of induced salinity stress
condition Na+, K+, Cat, Mg+ and Cl- (mg/g) were also
determined.

The collected data were analyzed following factorial
Completely Randomized Block Design (CRBD) using
computer software MSTAT-C. The analysis of variance was
performed and means were compared by Duncan’s New
Multiple Range Test (DNMRT) at 5 % level of probability.

2.2. DNA Collection from Samples of R2 Generation and
Amplification by PCR Using SSR Markers

In the present investigation, method adopted from
Shahanawaz (2006) has been used to isolate the total
genomic DNA of twenty eight somaclones of R2 generation
and their mother plants.

Following electrophoresis, the size of amplification
products were estimated by comparing the migration of each
amplified fragment with that of a known size fragments of
molecular weight marker 100bp DNA ladder. All distinct
bands or fragments were thereby given identification
numbers according to their position on the gel and scored
visually on the basis of their presence (1) or absence (0),
separately for each individual and each primer.
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3. Results

3.1. Biochemical Performance of Selected R1 Somaclones
under Different Levels of Salinity in PVC Pipe

3.1.1. Proline

Proline content both in mother clone and somaclones
differed significantly under salinity stress in PVC pipes
(Table 1). The somaclones of Isd 28 obtained the highest
proline level and the lowest content was in mother clone.
Similar trend was observed in Isd 37. The proline level in
Isd 38 and Isd 35 was the highest in SC3 and the lowest
was in SCI1. In Isd 36, the highest proline level was
observed in SC2 followed by SCI and the lowest was in
SC3 (Table 1).

Table 1. Effects of clones/somaclones on proline in R2 generation.

followed by SC2 at same salinity level and the lowest
proline was observed in mother clones at 0 mM salt level.
Thus it was evident that the proline level was higher in
higher level of salinity and almost all somaclones showed
better proline synthesis under salinity stress as well as in
normal soil condition in sugarcane.

Table 3. Interaction effects of clones/somaclones to salinity level on proline
in R2 generation .

Name of Proline (mgg™")

somaclones  [sd 28 Isd 35 Isd 36 Isd 37 Isd 38
Mother 0.3367 b 0.278 b .238d 490 b 263 d
SC1 0.4045 a 0272 ¢ 266 b S15ab  .270¢
SC2 0.4238 a 0.279b 285a S12ab .279b
SC3 0.4234 a 0.289 a 260 ¢ 533 a 298 a
LSD (0.05) 0.02630 0.002630  .002630 .03719 .002630

Table 2. ffects of salinity level on proline of clones/somaclones in R2
generation.

Salinity Proline (mgg™)

level (mM)  Isd 28 Isd 35 Isd 36 Isd37  Isd 38
0 0.2157d  0.229d 206d 470c  .228d
50 0.3480¢c  0.267c 240 ¢ 497bc  259¢
100 04821b 0293 b 282b 531ab 290 b
150 0.5828a  0.328a 32la 550a  334a
LSD (0.05)  0.02630  0.002630  .002630  .03719  .002630

Clones/ Proline(mgg™)

somaclonesx

Salinity level Isd28 Isd35 Isd36  Isd 37 Isd 38
(mM)

Mother x 0 201f  244h  .199g  483ab 201k
Mother x 50 312e  268f  213e  431bc  .249h
Mother x 100 443d  291d  250d  Sllab  291f
Mother x 150 55lab  310b  290¢  .532a 3l1d
SC1x0 210f 223 213e  491ab  225j
SC1x 50 352e¢  270f  250d  503ab  251h
SC1x 100 475¢d  297c¢  298b  52la 28lg
SC1x 150 591a 297c¢  301b  .543a 323¢
SC2x 0 224f  231i 205f  501c 2371
SC2x 50 36le 28le  250d  .532a 253h
SC2x 100 482bc 298¢  291c  .55la 291
SC2 x 150 595a  305b 3932 563a 335b
SC3x 0 231f  219j 207f  .505ab  248h
SC3x 50 367e¢  250g  248d  523a 28lg
SC3x 100 495cd  287d  287c¢  S4la 298¢
SC3 x 150 60la  398a  298b  .563a 366 a
LSD (0.05) 05259 005259  .005259 .07438  .005259

In case of all somaclones of different varieties the proline
levels were the highest under highest level of salinity in
PVC pipes (Table 2). The lowest proline content was
observed in control in all varieties. Isd 28 and Isd 37
showed higher level of proline than other varieties.

Interaction effect of mother clones and somaclones to

different salinity levels in PVC pipes is presented in Table 3.

In all somaclones of different varieties the proline levels
increased with gradually increase of salinity levels. At
control (0 mM salt), proline content was higher in
somaclones over mother clone in Isd 28. Similarly at 50
mM levels of salinity, significantly higher proline levels
were observed in somaclones compared to mother clones of
Isd 28. In Isd 35, somaclones SC3 had significantly higher
proline content at 150 mM salinity levels compared to
respective mother clones (Table 3). At 100 mM salinity
level the highest proline level was observed in SC2
followed by SC1 and mother and the lowest level was in
SC3. In Isd 36, the highest proline level was in SC2 at 150
mM level and the lowest was in mother clone in control. In
Isd 37, almost all somaclones showed higher proline at
lower and higher levels of salinity. Somaclone 3 of Isd 38
showed the highest level of proline at 150 mM salinity level

Figures with similar letter (s) don’t differ significantly at 5.0% probability by
DMRT

3.1.2. Na" of Shoot

Mother clones and all the selected somaclones showed
significant effects on Na* content in shoot (Table 4). Mother
clones of all the varieties showed higher level of Na+ than
their somaclones. In Isd 28, all the somaclones showed
insignificant difference and the lowest level of Na+ content
in shoot. In Isd 35, SC2 showed the lowest level of Na+
content. Similar trend was observed in Isd 38. In Isd 36 and
Isd 37, SC1 showed the lowest level of Na+ content. Trend of
increasing Na+ content as observed with the increasing level
of salinity (Table 5). The highest Na+ content was observed
when the highest salinity level was imposed with salt. No
significant difference was observed at 100 and 150 mM level
of salinity in Isd 36. Interaction effects of selected
somaclones to salinity levels revealed that in all lines gradual
increased level of salt were increased Na+ content (Table 6).
At 150 mM level of salinity the highest Na+ content was
observed in mother clone followed by SC3 of Isd 28. Similar
trend was observed in Isd 35, Isd 37 and Isd 38. In Isd 36,
somaclones SC2 and SC3 showed no significant difference
and showed lower level of Na+ content at 150 mM level of
salinity.
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Table 4. Effects of clones/somaclones on Na" of shoot in R2 generation in

PVC pipe.

40

Table 5. Effects of salinity level on Na* (mgg™) of shoot of in R2 generation.

Salinity Na* (mgg")in shoot

Name of Na' (mgg™) in shoot level (mM)  Isd 28 Isd 35 Isd 36 Isd 37 Isd 38
somaclones  Isd 28 Isd 35 Isd 36 Isd 37 Isd 38 0 0.29d 38d 36¢ .30d 34d
Mother 0.95a 1.05 a 1.02 a 0.89 a 0.99 a 50 0.68 ¢ .80 ¢ .80 b .82¢ 82¢c
SC1 0.71b 0.83b 0.55¢ 0.75¢ 0.74 be 100 095b 96 b 94 a .96b 93 b
SC2 0.68b 0.77 ¢ 0.71b 0.81b 0.70 ¢ 150 1.15a 131a 92a 1.17a I.11a
SC3 0.73 b 0.79 be 0.72b 0.80 be 0.76 b LSD (0.05)  0.06 .053 .053 .053 .046
LSD (0.05)  0.06 0.05 0.05 0.05 0.04

Table 6. Interaction effects of clones/somaclones to salinity level on Na~ of shoot in R2 generation.
Clones/somaclones x Na' (mgg") in shoot
Salinity level (mM) Isd 28 Isd 35 Isd 36 Isd 37 Isd 38
Mother x 0 31f 43 h 41 h 32h 36 h
Mother x 50 92 cd 97 ¢ 98¢ .97 de 95 cd
Mother x 100 1.07 b 1.16 b 1.10b 1.03 cd 1.10b
Mother x 150 1.50 a 1.62 a 1.60 a 123 a 1.54 a
SC1x 0 28f 39h 36 h 27h 33h
SC1x 50 .60 ¢ 75 fg 8l ef Jlg .79 fg
SC1x 100 92 cd 94 cd .93 cd .89 ef .88 def
SC1x 150 1.02 be 1.24b 131 1.11 be 97 cd
SC2x 0 27f 33h 3lh 29h 31h
SC2x 50 S58¢ Jlg 72 fg .81 fg 6 g
SC2x 100 87d .87 cde .83 def .98 de .83 efg
SC2 x 150 .99 bed 1.17b 97 ¢ 1.15 ab 91 de
SC3x 0 29f 35h 34h 30h 34h
SC3x 50 .60 e 77 efg .68 g T7g 718 g
SC3x 100 93 cd .85 def .89 cde .93 de 91 de
SC3 x 150 1.10 b 1.20b 98¢ 1.17 ab 1.02 be
LSD (0.05) 0.1288 0.1052 0.1052 0.1052 0.09109

Figures with similar letter (s) don’t differ significantly at 5.0% probability by DMRT

3.1.3. Na* of Root

Mother clones and all the selected somaclones differed
significantly on Na+ content in root (Table 7). Mother clones
of all the varieties showed higher level of Na+ than their
somaclones. In Isd 28, SC3 showed the lowest level of Na+
content in root followed by SC1. In Isd 35, SC1 showed the
lowest level of Na+ content followed by other two. Similar
trend was observed in Isd 37. In Isd 36, all the somaclones
showed insignificant difference and lower level of Na+
content than their mother. In Isd 38, SC2 showed the lowest
level of Na+ content. Trend of increasing Na+ content was
observed with the increasing level of salinity (Table 8). The
highest Na+ content in root was observed when highest
salinity level was imposed with salt. Interaction effects of
selected somaclones to salinity levels revealed that in all
lines gradual increased level of salt were increased Na+
content (Table 9). At 150 mM level of salinity the highest
Na+ content was observed in mother clone followed by SC1
of Isd 28. In Isd 35 at 150 mM level of salinity, SC2 and SC3
showed no significant difference with their mother and SCI
showed lower Nat+ content. In Isd 36, all the somaclones
showed no significant difference and lower level of Na+
content than their mother at 150 mM level of salinity.
Somaclones 2 and 3 showed no significant difference at 150

mM level of salinity with mother clone and SC1 showed
lower Na+ content in root in Isd 37. The highest level of Na+
content in root at 150 mM level of salinity was observed in
mother clone followed by SC3 in Isd 38.

Table 7. Effects of clones/somaclones on Na" of root in R2 generation in

PVC pipe.

Name of Na' (mgg™) in root

somaclones  [sq 28 Isd 35 Isd 36 Isd 37 Isd 38
Mother 0.71a 0.80 a 0.81a 0.82 a 0.84 a
SC1 0.62b 0.67 ¢ 0.70 b 0.69 ¢ 0.67b
SC2 0.59 be 0.75b 0.66 b 0.77b 0.62¢
SC3 0.56 ¢ 0.74 b 0.65b 0.76 b 0.66 b
LSD (0.05) 0.05 0.04 0.04 0.04 0.03

Table 8. Effects of salinity level on Na" of root in R2 generation.

Salinity Na® (mgg") in root

level (mM)  [sd 28 Isd 35 Isd 36 Isd 37 Isd 38
0 0.34d 41d 31d 368 d 41d
50 048 ¢ 64 ¢ 67 ¢ 738 ¢ 6lc
100 0.72b 84b 83b .895b 8b
150 0.93 a 1.07 a 1.023 a 1.04 a 99 a
LSD (0.05)  0.05 0.04 0.04 0.04 0.03
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Table 9. Interaction effects of clones/somaclones to salinity level on Na~ of root in R2 generation.

Clones/somaclones x Na* (mgg") in root

Salinity level (mM) Isd 28 Isd 35 Isd 36 Isd 37 Isd 38
Mother x 0 .347 jk 48 g 44 h 411 44 h
Mother x 50 .57 gh .61 ef 6lg .83 fg .66 f
Mother x 100 .80 cde 96 b .90 be .98 bed .93 be
Mother x 150 1.10 a 1.15a 1.30 a 1.07 ab 131a
SC1x 0 330 jk 41 gh 291 331 40 h
SC1x 50 .507 hi 58 f 73 def .65h .61 fg
SC1x 100 .73 def 77 cd .81 cd 8lg 5¢
SC1x 150 92Db 92Db 95b .96 cde .87 cd
SC2x 0 35 jk .37h 271 371 41h
SC2x 50 44 ij .69 de .69 efg 19g .58 fg
SC2x 100 .69 ef Blc .78 de 91 def .66 f
SC2 x 150 .86 bc 1.11a 91b 1.01 abe .81 de
SC3x 0 32k 38h 231 361 37h
SC3x 50 41 ijk .68 de .64 fg .68 h S7g
SC3x 100 .67 fg 8lc .8l cd .88 efg 16 e
SC3 x 150 .84 bed 1.09 a 93 b 1.10a .95b
LSD (0.05) 0.11 0.09 0.09 0.09 0.07

Figures with similar letter (s) don’t differ significantly at 5.0% probability by DMRT

3.1.4. K" of Shoot

Mother clones and all the selected somaclones differed
significantly on K+ content in shoot (Table 10). Mother clones
of all the varieties showed the lowest level of K+ than their
somaclones. In Isd 28, SC2 showed the highest level of K+
content in shoot followed by other two. In Isd 35, SC2 and
SC3 showed the highest level of K+ content followed by SC1.
Similar trend was observed in Isd 38. In Isd 36 and Isd 37, all
the somaclones showed insignificant difference and the highest
level of K+ content. Trend of decreasing K+ content was
observed with the increasing level of salinity (Table 11).
Lowest K+ content in shoot was observed when salinity level

was observed in Isd 36 Isd 37 and Isd 38.

Table 10. Effects of clones/somaclones on K' of shoot in R2 generation in
PVC pipe.

Name of K" (ngg™) in shoot

somaclones Isd 28 Isd 35 Isd 36 Isd 37 Isd 38
Mother 1.18 ¢ 1.25¢ 1.06 b 121b 1.02 ¢
SC1 1.38 ab 1.35b 122a 1.39a 1.13b
SC2 139a 1.51a 1.26 a 143 a 1.22a
SC3 1.30b 145a 124 a 1.39a 124 a
LSD (0.05)  0.07889 .08316 .07889 .07889 .07438

Table 11. Effects of salinity level on K of shoot in R2 generation .

. . Salinity K (mgg™) in shoot
was 'the highest. Interactlon.effects of selected ~somaclones to level (M) Tsd 28 Isd 35 Isd 36 Isd37 Isd 38
salinity levels revealed that in all lines gradual increased level 0 1497 a 159a 136a 152a 127a
of salt decreased K+ content (Table 12). At 150 mM level of 50 1.335b 143 b 1.24b 138b 120b
salinity the highest K+ content was observed in SC2 followed 100 1.250 ¢ 133¢ 1.15¢c 1.30¢c 1.12¢
by SC1 of Isd 28. In Isd 35 at 150 mM level the highest K+ 150 1.138d 1224 103d 1214 1.03d
content was observed in SC2 followed by SC3. Similar trend IE (0505 00755 R 0516 07889 07889 07438
Table 12. Interaction effects clones/somaclones to salinity level on K* of shoot in R2 generation .
Clones/somaclones x K' (mgg™) in shoot
Salinity level (mM) Isd 28 Isd 35 Isd 36 Isd 37 Isd 38
Mother x 0 1.430 abc 1.56 ab 1.28 a-d 1.48 abc 1.20 ab
Mother x 50 1.200 de 1.27 def 1.12 def 1.23 ef 1.10 be
Mother x 100 1.100 ef 1.15 efg 99 f 1.12 fg 97 ¢
Mother x 150 0.9800 f 1.03 g 83g 9g 81d
SC1x 0 1.510 ab 1.58 ab 1.36 abc 1.51 ab 1.25 ab
SC1x 50 1.420 abc 1.42 abed 1.24 a-e 1.42 a-d 1.16 ab
SC1x 100 1.370 bed 1.27 def 1.19 cde 1.37 a-e 1.10 bc
SC1x 150 1.213 de 1.13 fg 1.07 ef 1.25 def 99 ¢
SC2x 0 1.500 abc 1.61 a 1.40 a 1.55a 131a
SC2x 50 1.470 abc 1.54 ab 1.33 abe 1.47 abe 1.26 ab
SC2x 100 1.330 bed 1.49 abc 1.20 b-e 1.38 a-e 1.19 ab
SC2 x 150 1.240 de 1.41 bed 1.12 def 1.30 cde 1.13 be
SC3x 0 1.550 a 1.59 ab 1.38 ab 153 a 133 a
SC3x 50 1.330 cd 1.48 abc 1.27 a-d 141 a-e 1.27ab
SC3x 100 1.200 de 1.40 bed 1.21 b-e 1.33 b-e 1.21 ab
SC3 x 150 1.120 ef 1.32 cde 1.08 ef 1.28 def 1.16 ab
LSD (0.05) 0.1578 0.1663 0.1578 0.1578 0.1488

Figures with similar letter (s) don’t differ significantly at 5.0% probability by DMRT
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3.1.5. K" of Root

Mother clones and all the selected somaclones differed
significantly on K content in root (Table 13). Mother clones
of all the varieties showed the lowest level of K than their
somaclones. In Isd 28 and Isd 37, all the somaclones showed
insignificant difference and the highest level of K' content
than their mother clone. In Isd 35 and Isd 36, SC2 showed
the highest level of K' contentin root followed by other two.
In Isd 38, SC3 showed highest level of K* content than the
other two. Trend of decreasing K* content was observed with
the increasing level of salinity (Table 14). Lowest K" content
in root was observed when salinity level was the highest in
Isd 35, Isd 36 and Isd 37. In Isd 28 and Isd 38, no significant
difference was observed in 100 and 150 mM level of salinity.
Interaction effects of selected somaclones to salinity levels

observed in Isd 36 Isd 37 and Isd 38.

Table 13. Effects of clones/somaclones on K of root in R2 generation in
PVC pipe .

of K'(mgg)in root

Name

somaclones 54 28 Isd 35 Isd 36 Isd 37 Isd 38
Mother 1.40b 1.13d 1.03 ¢ 123b 80¢
SC1 1542 1.19¢ 1.17ab  14la 1.01b
SC2 1522 147 a 1242 140a 1.04b
SC3 1.60 a 135b 1.15b 141a 1.15a
LSD (0.05)  0.07889  .07889 07438 08316 .05880

Table 14. Effects of salinity level on K of root in R2 generation .

K* (mgg™) in root

revealed that in all lines gradual increased level of salt lS;l;n(;ylM) Isd 28 Isd 35 Isd 36 Isd 37 Isd 38
decreased K content (Table 15). At 150 mM level of salinity
the highest K™ content was observed in SC3 followed by SC1 0 1.592a 1462 13la 1-52a 1.10a
of Isd 28. In Isd 35 and Isd 36 at 150 mM level the highest 0 1525ab  132b  120b  140b 103D
K" content was observed in SC2 followed by SC3. In Isd 100 1.482b  122¢ L10c 131¢c 96 ¢
37and Isd 38 at 150 mM level highest K content was 150 1447b  1.34d 97d 122d 90 ¢
observed in SC3 followed by SC2. Similar trend was  ygp0s) 007889 07889 07438 08316  .05880
Table 15. Interaction effects of clones/somaclones to salinity level on K~ of root in R2 generation .

Clones/somaclones x K' (mgg) in root

Salinity level (mM) Isd 28 Isd 35 Isd 36 Isd 37 Isd 38

Mother x 0 1.52 a-d 1.41 abe 1.23 a-d 1.50a .96 efg

Mother x 50 1.40 cde 1.19 ef 1.10 def 1.26 be 85g

Mother x 100 1.36 de 1.01 gh 96 1.13 cd 72 h

Mother x 150 1.32¢ 91h Blg 1.03d .65h

SC1x 0 1.61 ab 1.44 abc 1.31 abe 1.54a 1.11 a-d

SC1x 50 1.56 abc 1.23 def 1.21 a-d 1.45 ab 1.03 f

SC1x 100 1.50 a-d 1.13 fg 1.15 cde 1.39 ab 98 d-g

SC1x 150 1.48 a-e .97 gh 1.00 ef 1.27 be 92 fg

SC2x 0 1.58 abe 1.55a 136 a 151 a 1.12 abe

SC2x 50 1.53 a-d 1.49 ab 1.31 abe 1.45 ab 1.07 b-e

SC2x 100 1.50 a-d 1.44 abc 1.18 bed 1.35 ab 1.01 c-f

SC2 x 150 1.46 b-e 1.39 a-d 1.10 def 1.29 be .97 efg

SC3x 0 1.66 a 1.43 abc 1.33 ab 1.54 a 121 a

SC3x 50 1.61 ab 1.37 a-d 1.19 bed 1.43 ab 1.18 ab

SC3x 100 1.57 abe 1.31 b-e 1.11 def 1.37 ab 1.12 abe

SC3 x 150 1.53 a-d 1.27 c-f 98 f 1.30 be 1.07 b-e

LSD (0.05) 0.1578 0.1578 0.1488 0.1663 0.1176

Figures with similar letter (s) don’t differ significantly at 5.0% probability by DMRT

3.2. Molecular Characterization of Selected Somaclones

A total of 26 loci were scored using SSR primers (3).
Some of them produced polymorphic bands and some
produced monomorphic bands (Table 16). The three SSR
primers used in the present study generated 26 amplicons.
Thus, on an average 8.67 loci were amplified per SSR primer.

SSR primer UGSM 358 and UGSM 361 amplified the
maximum number of 20 loci each and primer UGSM 363
amplified six loci. Amplification pattern of tissue culture
raised sugarcane plantlets using SSR primer UGSM 358 is
shown in Fig. 1-2, UGSM 361 is shown in Fig. 3-4 and
UGSM 363 is shown in Fig. 5-6.
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Table 16. Details of SSR Primers used for detecting genetic fidelity in 33 sugarcane genotypes regenerated through tissue culture(Fig 1-6).

Primer sequences

SI. No. Primers F- Forward primer sequences (5’-3”) 1:;'}:;:1_:231 I:Sy(:tflorphic loci ::::%':l;))f product
R- Reverse primer sequences (5-3°)
SSR Primers
1 UGSM 358 F5’ACCCTTCCCATTCCCATC3’ 7 6 278-396
Ta= 53°C R5’CTCCAGGTTCGCCACCAC3’
) UGSM 361 F5’GTTCTTAGTCCAGCCGTAGTT3’ 13 13 176-1169
Ta= 55°C R5’ATCGTTGTTGTCGGTGTC3’
3 UGSM 363 F5’GTTTAAGACAAGATGGTGTAGATG3’ 6 6 2721197
Ta= 55°C R5’TACATATTTACATTGTTACTCCGC3’

M1 2 3 4 5 67 89 1011 12721415 1617 18 19230 21 22323 2425 26

I EREIT

28bp__,

Fig. 1. SSR amplification patterns of sugarcane plantlets produced through tissue culture using UGSM 358 primer pairs. Lane M 100 bp ladder, lane 2 mother
plant of the variety, lane 1-6 represent samples from regenerated plantlets of variety Isd 37 , lane 7 mother plant of the variety Isd 36, lane 8-13 represent
samples from regenerated plantlets of variety Isd 36, lane 14 mother plant of the variety Isd 38, lane 15-20 represent samples from regenerated plantlets of
variety Isd 38, Arrow indicates the size of marker.

2030 31k 373334 35 3637, 38..39

278 bp

Fig. 2. SSR amplification patterns of sugarcane plantlets produced through tissue culture using UGSM 358 primer pairs. Lane M 100 bp ladder, lane 27
mother plant of the variety Isd 28, lane 28-32 represent samples from regenerated plantlets of variety Isd 28 , lane 33 mother plant of the variety Isd 35, lane
34-40 represent samples from regenerated plantlets of variety Isd 35. Arrow indicates the size of marker:
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Fig. 3. SSR amplification patterns of sugarcane plantlets produced through tissue culture using UGSM 361 primer pairs. Lane M 100 bp ladder, lane 2 mother
plant of the variety, lane 1-6 represent samples from regenerated plantlets of variety Isd 37, lane 7 mother plant of the variety Isd 36, lane 8-13 represent
samples from regenerated plantlets of variety Isd 36, lane 14 mother plant of the variety Isd 38, lane 15-20 represent samples from regenerated plantlets of
variety Isd 38. Lane 27 mother plant of the variety Isd 28, lane 28represent samples from regenerated plantlets of variety Isd 28, Arrow indicates the size of
marker.

-30 321 322 323 324 25 36 27 .38 39 40

176 bp

Fig. 4. SSR amplification patterns of sugarcane plantlets produced through tissue culture using UGSM 361 primer pairs. Lane M 100 bp ladder, lane 29-32
represent samples from regenerated plantlets of variety Isd 28 , lane 33 mother plant of the variety Isd 35, lane 34-40 represent samples from regenerated
plantlets of variety Isd 35. Arrow indicates the size of marker.

o 1011 I 15 e 171819 20

—_—

-066..066'.-.“‘06-5

-

Fig. 5. SSR amplification patterns of sugarcane plantlets produced through tissue culture using UGSM 363 primer pairs. Lane M 100 bp ladder, lane 2 mother
plant of the variety Isd 37, lane 1-6 represent samples from regenerated plantlets of variety Isd 37, lane 7 mother plant of the variety Isd 36, lane 8-13
represent samples from regenerated plantlets of variety Isd 36, lane 14 mother plant of the variety Isd 38, lane 15-20 represent samples from regenerated
plantlets of variety Isd 38, Arrow indicates the size of marker.
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M21 22 23 24 25 26 27 28 29 3031 32 33 34 35 36 37 38 39

-

Fig. 6. SSR amplification patterns of sugarcane plantlets produced through tissue culture using UGSM 363 primer pairs. Lane M 100 bp ladder, lane 27-32
represent samples from regenerated plantlets of variety Isd 28 , lane 33 mother plant of the variety Isd 35, lane 34-39 represent samples from regenerated

plantlets of variety Isd 35. Arrow indicates the size of marker.

4. Discussion

The increase in the concentration of proline in all the
somaclones of all varieties selected from R1 generation was
found to be remarkable during salinity stress of the present
study in R2 generation. Increase in free proline content due
to water deficit has been reported by many authors (Johari-
Pireivatlou et al., 2010). These suggest that the production
of these osmotic adjustments is a common response of
plants under salinity conditions. The role of proline in
adaptation and survival of plants had been observed by
Watanabe et al. (2000) and Saruhan et al. (2006). In the
present investigation, it was observed that a severe
progressive stress in sugarcane leads more accumulation of
proline as compared to control of same age group. Proline
accumulates under stress conditions supplies energy for
survival and growth and thereby helps the plant to tolerate
stress (Aktas et al, 2007). Considering the above
discussions selected somaclones of all varieties which were
tested under stress may be again selected as salinity tolerant
somaclones except SC1, SC2 of Isd 35 in salinity which
showed lower level of proline than their mother clone under
stress. The present results agree to earlier report by Kumar
et al. (2011) who observed that a relation between proline
content and water stress and a well developed antioxidant
defense mechanism activated during water stress. The
present result also agree to earlier report by Ashraf and
Foolad (2007) and Kavi Kishor et al. (2005) who observed
the role of proline in cell osmotic adjustment, membrane
stabilization and detoxification of injurious ions in plants
exposed to salt stress.

NaCl, the dominant salt in nature, elicits two primary
effects on plants: osmotic stress and ionic toxicity. Under
normal condition the osmotic pressure in plant cells is
higher than that in soil solution. Plant cells use this higher
osmotic pressure to take up water and essential minerals in
root cells from the soil solution. Under salt stress the
osmotic pressure in the soil solution exceeds the osmotic

pressure in plant cells due to the presence of high salt, and
thus, reduces the ability of plants to take up water and
minerals like K+ and Ca2+ (Glenn et al., 1997; Munns et
al., 2006). On the other hand, Na+ and CI ions can enter
into the cells and have their direct toxic effects on cell
membranes, as well as on metabolic activities in the cytosol
(Greenway and Munns, 1980; Hasegawa et al., 2000; Zhu,
2001). The in vitro stress tolerant selected somaclones of
five varieties viz. Isd 28, Isd 35, Isd 36, Isd 37 and Isd 38 of
present experiments showed lower level of Na’, higher
level of K* both in shoot and root. Considering the above
results those somalones which showed lower level of Na"
and higher level of K were selected as salinity tolerant
again. So, SC1, SC2 and SC3 of those five varieties which
grown under induced salinity stress in R2 generation were
selected as salinity tolerant again and those somaclones
should be further trial in southern belt of Bangladesh for
final selection. Our findings are in agreement with Akhtar et
al. (2003) who determined the changes induced by 80 and
120 mM NacCl and observed that concentrations of Na and
Cl increased and K, Ca, Mg, N and P decreased with a rise
in substrate salinity.

The total number of amplicons (26) generated in the
present study using SSR markers might be sufficient to
reveal somatic variations. This is evident by comparable
numbers of amplified loci scored (65, 56 and 64) in various
plant taxa by employing SSR-based marker assay (Leroy et
al,, 2000; Palombi and Damiano, 2002; Martins et al.,
2004). So far there are no studies on early assessment of
genetic variability among micropropagated sugarcane using
SSR, SCAR-PCR analysis.

Considering the different biochemical parameters SC3 of
Isd 28, SC3 of Isd 35 and SC2, SC3 of Isd 37 showed better
performance under induced salinity in R2 generation. Those
somaclones also produced polymorphic bands when we
characterize with SSR markrs. So, we should recommend
those lines as salinity tolerant lines for further study.
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